This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



From: 
Sent: 
To: 
Subject?" 



Holleran, Anne 

Wednesday, March 19, 2003 2:27 PM 
STIC-ILL 

refs. for 09/302,434 



Please send copies of the following papers: 

1. Gussow Methods in Enzymology (1991) 203: 99-121 

2. BossTet 





Eur. J. Nucl. Med. (1988) 14: 523-528 



Anne Holleran 
AU: 1642 
Tel: 308-8892 
RM: 8e03 

mailbox: 8e12 




l 



flj^r J Nucl Med (1988) 14:523-528 



joSSSafof Nucl©cir 
Medicine 



© Springer- Verlag 1988 



Quantitative considerations supporting the irrelevance 
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^■-.Abstract. Starting from the phenomenon that the amount 
; -f§|af: circulating CEA in patients' sera did not significantly 
lljifluence immunoscintigraphic visualization of CEA ex- 
|||pressing tumors, we built up an in vitro model to explain 
pi.:.; (his phenomenon. Blocking experiments in this model sys- 
lll^m showed that the CEA specific MAbs BW 431/26 and 
;|||irW 431/31 could not be inhibited in their binding to cell 
:p|aSsociated CEA, if they were preincu bated with a 20 molar 
teexcess of scrum CEA. In contrast, the CEA-NCA cross 
I;.- reactive MAbs could be inhibited in their binding to tumor 
illl^ssociated CEA under identical conditions. These data 
i ^l^dmbined with western blotting analysis of patients' sera 
fi^snd affinity constant determinations argue that conforma- 
tional changes in serum CEA cause a decreased affinity 
i ; ;;6f the CEA specific MAbs to serum CEA allowing a prefer- 
ential binding to tumor associated CEA. 

|i:;: Key words: CEA - Conformational change - MAb - lm- 
|v ; fcmnoscintigra phy 



\}\ Since the first description of carcinoembryonic antigen 
iffCEA) (Gold and Freedman 1965 a, b) until today, where 
§;$tie primary structure of CEA deduced from the cDNA 
H&iejuence (Oikawa et al. 1987a) is known, CEA became im- 

.prtant as a tumor marker for the treatment control of 
^ colorectal carcinomas (Egan et al. 1977; Fuks et al. 1980) 

as well as for the immunoscintigraphic visualization of CEA 
Expressing carcinomas (Mach et al. 1981). In particular, the 
j. : relatively new method of immunoscintigraphy demands 
^.monoclonal antibodies (MAb) binding to epitopes on CEA 
|i;»bt detectable on the various nonspecific cross-reacting an- 
p;%ms (NCAs) expressed on normal tissues (von Kleist et al. 
;: : :J972; Rogers 1983). A so called anti CEA antibody having 
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strong cross-reactivity to human granulocytes and erythro- 
cytes, i.e. NCA, was not able to localize human colorectal 
carcinomas in vivo, but induced fever, rigors, emesis and 
a short term granulocytopenia (Dillman et al. 1984). Also, 
those MAbs which are selective for protein epitopes on 
CEA (Buchegger et al. 1984; Bosslet etal. 1985) but not 
cross-reactive with epitopes on NCAs or Y or X type carbo- 
hydrate moieties on CEA (Nichols etal. 1985) are, after 
i.v. injection into the patient, primarily confronted with 
high amounts of circulating CEA. The following in vitro 
experiments try to explain why successful immunoscinti- 
graphic localization of colorectal carcinomas using MAbs 
binding to CEA are possible with a sensitivity of up to 
90% as shown in a multicenter study (100 patients) in the 
FRG using the MAb BW 431/31, coupled via DTPA to 
111 In (Bosslet et al. 1987). 

Materials and methods 

Tumor cell lines. The LoVo adenocarcinoma cell line of 
the colon was obtained from the American Type Culture 
Collection (ATCC, 12301 Parklawn Drive, Rockville, MD 
20852, USA/ATCC-No.: CCL 229). It was routinely pas- 
saged in RPMM640 with 10% FBS. Confluent cultures 
were treated for 3 min with 0.25% trypsin 0.02 M EDTA 
and subcultured at a ratio of 1 : 5 

Monoclonal antibodies. The MAbs BW 374/14, BW 250/ 
183, BW 431/26 and BW431/31, all of IgG,-isotype, recog- 
nize different epitopes on CEA (Bosslet etal. 1985, 1987). 
Briefly, the MAbs BW 431/26 and BW 431/31 are selective 
for CEA, whereas the MAbs BW 374/14 or BW 250/183 
bind to NCA55 ( = won specific cross-reacting antigen), 
NCA95 and CEA or NCA95 and CEA, respectively. MAb 
BW 494 binds to a pancreatic, gastric and colonic carcino- 
ma associated mucin molecule different from CEA (Bosslet 
etal. 1986). MAb BW 575 is selective for small cell lung 
carcinomas and does not show any significant binding to 
gastrointestinal tract carcinomas (Bosslet 1987). 

Preparation of peripheral blood granulocytes. Human pe- 
ripheral blood granulocytes were isolated from heparin 
blood by treating the Ficoll-Hypaque pellet (Boy urn 1976) 
for 5 min at 37° C with 0.87% NH 4 C1 to lyse erythrocytes. 
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Preparation of granulocyte extracts. The erythrocyte de- 
pleted Ficoll-Hypaque pellet was solubilized by adding 
0.5% Na-deoxycholate followed by 12 h head over head 
rotation at 4 6 C. After ultracentrifugation at 30000 g for 
30 min at 4° C, aliquots of the supernatant corresponding 
to 2 x 10 s granulocyte equivalents were transferred to indi- 
vidual lanes for SDS-PAGE and western blotting. 

Radiolabelling of MAbs. Purified MAbs (Ey et al. 1978) 
were radiolabeled with l25 I using the iodogen method 
(Fraker and Speck 1978; Mark well and Fox 1978). MAb 
proteins were diluted in PBS containing 0.1% BSA (PBS- 
BSA). 

The specific activities obtained for the different MAbs were: 
BW 374/1 4 : 3.9 uCi/ug, BW 250/1 83 : 3.5 uCi/ug 
BW 431/31 : 3.9 uCi/ug, BW 431/26: 2.9 uCi/ug 
BW494: 4.03 uCi/ug, BW575: 2.59uCi/ug 

Blocking assay. 125 1 labelled MAb protein (100 ul) diluted 
in PBS-BSA was mixed with CEA containing serum (100 ul) 
or purified CEA isolated from CEA expressing human co- 
lon carcinomas and incubated for 90 min at 37° C in round 
bottom 96 well microti ter plates (Nunc: 1-63320). Thereaf- 
ter, 10 6 LoVo cells in 25 ul PBS-BSA which were detached 
from plastic by incubation with 0.02% EDTA for 5 min, 
were added to the MAb serum or MAb-CEA mixture. After 
1 h incubation at 37° C, the microliter plates were spun 
and the pellets were washed 3 times with PBS. The washed 
cell pellet was resuspended in 125 ul and 100 ul thereof and 
counted in a well type y-counter to determine the cell bound 
radioactivity. 

Western blotting analysis. The methodology was performed 
essentially as described by Towbin and Gordon (1979), but 
instead of radiolabelled second antibody, the ABC vector 
kit (Vector Burlingname) was used. 

Scatchard analysis. The affinity of the MAbs to tumor cells 
was evaluated according to Walker (1977), based on the 
original papers of Scatchard (1949) and Berson and Yalow 
(1959). As antigenic material collagenized and formalde- 
hyde fixed cells derived from nude mouse xenografts trans- 
planted with the CEA expressing CoCa 2 colonic carcinoma 
were used. 

A constant amount of these cells is added to each vial 
of a dilution series of the respective MAb. This mixture 
is incubated for 4 h at room temperature, the cells were 
spun down, washed and the cell bound activity determined. 

The bound to free ratio is plotted against concentration 
of cell bound antibody molecules using the following cor- 
rections (Steinstrasser et al. 1987): (1) The unspecific bound 
part (U) of antibodies (determined with irrelevant cells or 
by an iteration procedure during the evaluation) is sub- 
tracted. (2) The free part of antibodies (f) consists only 
of immune reactive molecules using the formula F=rxT— 
(B-U) t where 7* is the total activity and r the immune reac- 
tive fraction of the preparation, determined separately ac- 
cording to Steinstrasser and Schwarz (1986). 

The inverse of the slope of the described plot gives the 
affinity constant (l/mol). 

CEA assay. The amount of CEA present in patients' sera 
was evaluated using the commercially available Behring En- 
zygnost CEA assay. 



Results 

Binding inhibition experiments on Lo Vo cells 

Incubation of 10 6 CEA expressing living LoVo colon carck ; 
noma cells with 2-3 ng (10000 cpm) of the various MAb 
proteins for 60 min at 37° C results in the binding 0 f 
0.2 0.3 ng (1000 cpm) to the membrane of the cells. Prei n , 
cubation of the various MAbs 10000 cpm) for 90mitj: 
at 37° C with colon carcinoma patients* sera (Fig. 1) con- 
taining high levels (a-d), medium levels (e-f), or low levefe 
(g-j) of CEA had the following effects on MAb binding 
to the cells (Fig. 1): 

The binding of MAbs BW 431/26 and BW 431/31 to 
the LoVo cells is only weakly inhibited despite a 20 fold 
molar excess of soluble CEA (a-d). In contrast, the binding 
of MAbs BW 250/183 and BW 374/14 to the LoVo cells 
is efficiently inhibited under identical conditions (a~d). 
Marginal binding inhibition was observed with all anti CEA 
MAbs with medium (e-f) or low (g-j) CEA containing sera. 

Purified CEA (Krupey et al. 1968) isolated from a colon 
carcinoma primary tumor did not inhibit the binding of 
MAbs BW 431/26 and BW 431/31 to the LoVo cells as effi- 
ciently as it inhibited the binding of MAbs BW 374/14 and 
BW 250/183 (k). 

The positive control MAb BW 494 binding to a high 
molecular weight mucin epitope (Bosslet et al. 1986) not 
detectable on CEA could not be inhibited in its binding 
to the LoVo cells, neither by CEA containing sera (a-j) 
nor by purified CEA (k). The binding of the anti small 
cell lung carcinoma MAb BW 575 (Bosslet et al. 1987) was 
in the range l%-3% of the binding obtained with the anti 
CEA MAbs or MAb BW 494 (data not shown). Purified : 
human serum albumin (1) as well as phosphate buffered 
saline (m) showed no inhibition of binding with any MAb, 

In summary, the binding of the anti CEA-NCA MAbs 
BW 374/14 and BW 250/183 is equally effectively inhibited : 
by CEA containing sera and purified CEA, whereas the : 
binding of the anti CEA MAbs BW 431/26 and BW 431/31 
is neither inhibited by the purified CEA isolated from a ;: 
primary colonic carcinoma nor by the CEA containing sera 

Western blotting analysis of CEA containing patient's sera 

To investigate whether the reduced inhibition mediated by 
the CEA containing sera on the binding of the CEA specific 
MAbs BW 431/26 and BW 431/31 to the LoVo colonic car- ;. : 
cinoma cell line is due to the absence of intact CEA in ; 
the sera, we performed a western blotting analysis after 
perchloric acid (PC A) extraction with the same sera and 
CEA preparation as used in the preceding inhibition experi- '.. 
ments. The data presented in Fig. 2 A, B, C, D show that 
all four MAbs bound to purified CEA attached to nitrocel- 
lulose filter (1 ug) to a similar extent, visualizing a 180 kDa;; 
band (lane k, Fig. 2, A, B, C, D). The CEA specific MAbs;= 
BW 431/26 and BW 431/31 did not bind to PCA extract 
from colonic carcinoma patients' sera (Fig. 2 A, B, lanea> : 
b, c, d), whereas the CEA-NCA cross-reactive MAbs visual- 
ize the 180 kDa CEA band (Fig. 2, C, D lane a, b, c, d) : : 
Neither MAb bound to PCA extracts of a control serum 
(Fig. 2 A, B, C, D laneg). As a positive control for the: 
binding potential of MAbs BW 374/14 and BW 250/183 tq= : 
NCA95, they were reacted with Na-deoxycholatc extracts 
from human peripheral blood granulocytes. In laneo> 
Fig. 2C, D, the NCA band was significantly stained, where- 
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; as the 2 CEA specific MAbs BW 431/26 and BW 431/31 
Idid not show any binding to granulocyte NCA (laneo, 
|Fig.2A,B). 

In summary, these data indicate that colonic carcinoma 
^ patients' sera contained intact 180 kDa CEA which was 
liidetected by the CEA-NCA cross- reactive MAbs, but not 
|; by the CEA specific MAbs. No NCA could be detected 
|in patients' sera by neither MAb. But granulocyte asso- 
ii etated NCA95 (Buchegger etal. 1984) was detected by 
kMAbs BW 374/14 and BW 250/183. In contrast purified 
!vCEA from a colonic carcinoma primary tumor was detected 
:clo a similar extent by the four specific MAbs used. The 
^irrelevant MAbs BW 494 and BW 575 did not show any 
finding to purified CEA or CEA containing patients' sera 
IXdata not shown). 

\ Estimation of the in vitro binding affinity of MAbs to cell 
■ Membrane bound CEA 

'. To exclude that simple differences in the affinity of the 
|: various MAbs to CEA were responsible for the results ob- 
served in the binding inhibition and western blotting experi- 
ments, the affinity constants of the MAbs to tissue asso- 
rted CEA were determined as detailed in Material and 
: Methods. As antigen source, collagenized, formaldehyde 
fixed cells from colon carcinoma nude mouse xenografts 
were used. The affinity constants calculated are shown in 
Table 1. 



Original scatchard plots from a representative experi- 
ment are shown in Fig. 3 for MAb BW 431/26 (A), BW 431/ 
31 (B) and BW 250/183 (C). In Table 1 affinity constants 
evaluated from various experiments are given, supporting 
the medium affinity constant values mentioned above. 

Discussion 

The paper deals with the so far unexplained phenomenon 
that CEA specific MAbs are able to localize CEA express- 
ing tumors in the patient despite significant amounts of 
circulating CEA in the blood. In the binding inhibition ex- 
periments we could show that MAbs directed to CEA spe- 
cific epitopes on CEA (MAb BW 431/26 and BW 431/31) 
are only marginally blocked by CEA containing sera. The 
CEA content of these sera was in 20fold molar excess 
(500 ng CEA<->2 ng MAb) compared to the radiolabeled 
MAbs used in the binding assays. 

In contrast, the CEA-NCA cross-reactive MAbs could 
be more efficiently blocked under identical conditions. 
These findings could be explained by the presence of NCA 
in the CEA containing sera mediating the more efficient 
blocking of the CEA-NCA cross-reactive MAbs, or by 
higher affinities of the CEA-NCA MAbs to circulating 
CEA. The western blotting analysis performed thereafter 
showed that the CEA containing sera did not contain de- 
tectable amounts of NCA, arguing against the first explana- 
tion. In contrast, NCA from normal human granulocytes 
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Fig. 2. Photograph of 4 blots 
independently blotted by means of 
10% SDS-PAGES immunostained 
with A MAb BW 431/26, B MAb 
BW 431/31, C MAb BW 250/1 83, D 
MAb BW 374/14. Lanes a-d 
represent PCA extracts from patients 
sera containing CEA (compare 
Fig. 1 ), lane g represents control 
serum, lane k represents purified 
CEA, lane o represents Na- 
deoxycholate extracts from normal 
human granulocytes (2 x 10 5 
granulocyte equivalents/lane). Lane z 
visualizes the rainbow protein 
molecular weight markers 
(Amersham) 
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Table t. Determination of affinity-constant by scatchard evalua- 
tion 



MAb 


Number of 


Ka±sd 


range 






determinations 






431/31 


17 


3± 2xl0 8 


lxlO 8 .. 


.8xl0 8 


250/183 


6 


2± lxlO 9 


1 xlO*.. 


.4x10* 


431/26 


5 


9+12x10* 


1x10*.. 


.3x1u 10 



could be detected under the same experimental conditions 
with MAbs BW 250/183 and BW 374/14. Furthermore, the 
western blot data indicated that the CEA-specific MAbs 
(BW 431/26 and BW 431/31) as well as the CEA-NCA 
cross-reactive MAbs (BW 250/183 and BW 374/14) were 
able to detect CEA purified from primary tumors attached 
to nitrocellulose filter to a similar extent. 

Therefore, the second explanation that the CEA-NCA 
cross-reactive MAbs have a higher affinity to circulating 
CEA than the CEA-specific ones is probably correct. The 
scatchard plot data showed that the CEA-specific MAb 



BW 431/26 had the highest affinity (in the range 10 10 l/mol) 
if cell bound CEA is used as epitope bearing antigen. The m ^ 
reduced binding, especially of this MAb to swimming CEA 
as evidenced by the binding inhibition experiments could ^ 
be explained by differences in the conformation between ||=.l s 
cell bound and circulating CEA. Especially the class five 
epitopes (Kuroki et al. 1987) which are unique to CEA are 
known to be weakly immunogenic if purified CEA is used ||f 
as immunogen. Furthermore, the affinity of those MAbs . 
to CEA is mostly in the range of 10 s I/mol, but MAb P" . 
BW 431/26, having an affinity constant of 9xl0 9 l/mol, §|: : 
is an exception allowing successful immunoscintigrams of 
colorectal carcinomas 4-6 h after i.v. application of the :||:|; r 
99m Tc-MAb-immunoconjugate in the patient (A. Schwarz V;-; ;. 
manuscript in preparation). The success of the immunoscin-"^p^ : -v 
tigraphic evaluation is independent of the CEA content io. |||v;v 
the patients' serum as revealed in a multicenter study per- lil; - 
formed with MAb BW 431/31 (Bosslet et al. 1987). : ll J2S 

This clinical finding is mimiced by our in vitro binding 
inhibition model. We confronted our radiolabeled MAbs 
for 90 min with up to 500 ng (1.6 x 10 12 molecules) CEA : 
from CEA containing sera. This is a 20fbld molar excess 
compared to the 2 ng of MAb (8 x 10 10 molecules). There- ; : |fe|; : >; 
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Fig. 3A-C. Scatchard plots are 
depicted where the bound (B) to 
free ratio (F) was plotted against 
the cell bound MAb 
concentration. A-C represent 
plots obtained for MAbs BW 431/ 
26, BW 431/31 and BW 250/183 
respectively 
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after, to this mixture 10 6 LoVo cells were added bearing 
between 10 10 -10 U CEA epitopes (10 4 -10 5 epitopes/cell) 
and incubated for another h. The binding data showed that 
especially the CEA specific MAbs BW 431/26 and BW 431/ 
31 bound very efficiently to the CEA expressing cells argu- 
ing for a preferential binding of these MAbs to cell bound 
CEA. For scintigraphic purposes with anti CEA MAbs, 
patients receive 2 mg of purified MAb resulting in a concen- 
tration of 670 ng MAb/ml (2.7 xlO 12 molecules/ml). The 
serum CEA concentrations in colonic carcinoma patients 
are mostly in the range 1-3 ng CEA/ml (maximally 1 x 10 13 
molecules/ml) yielding maximally a 4fold molar excess of 
CEA compared to the MAb in the serum. This molar excess 
of circulating CEA does not seem to be high enough to 
block the binding of the MAb to the tumor associated CEA 
epitopes. Despite our detailed knowledge about CEA, i.e. 
the cDNA sequence (Oikawa et al. 1987 a), the immuno- 
globulin domain like structure (Oikawa et al. 1987 b), the 
N linked carbohydrate chains (Chandrasekaran et al. 1983) 
and the NH 2 terminal amino acid sequence (Engvall et al. 
1978), the exact structure of MAb defined epitopes as well 
as the MAb detected conformational differences between 
serum CEA and tumor associated CEA remain to be eluci- 
dated. 
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